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(54) ELECTRONIC DEVICE AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an SAW device together with 
its manufacturing method wherein the waviness or deflection of a 
substrate sheet is suppressed, deflection of each substrate is 
suppressed as well, and the deformation of a bump is stabilized with 
no degradation in productivity. 

SOLUTION: An SAW chip 6 where a bump 5 is formed on an 
electrode 7, and a substrate 1 where an electrode 2 is jointed through 
the SAW chip 6 and the bump 5, constitute an SAW device where a 
silicon substrate is used as the substrate 1 . 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to a SAW (Surface Acoustic Wave) device and its manufacture 

approach about the packaging of an electron device. 

[0002] 

[Description of the Prior Art] Conventionally, manufacture of the SAW device which is an electron device forms the 
bump of a golden ball in the electrode of a SAW chip, carries out ultrasonic concomitant use thermocompression 
bonding (it considers as ultrasonic flip chip bonding hereafter) of the bump to the electrode of a ceramic substrate after 
that, and is performing packaging after that. Below, those outlines are explained with reference to a drawing. 
[0003] Drawing 7 is the explanatory view showing the bump formation approach which forms a bump in the electrode 
of a SAW chip. Using a wire bonder (un-illustrating), supply the golden wire 32 on the aluminum electrode 34 of the 
SAW chip 33 from a capillary 31, and the golden ball 35 is made. After carrying out ultrasonic concomitant use 
thermocompression bonding of this on the aluminum electrode 34 using a capillary 31 and joining, a capillary 31 is 
raised, the golden wire 32 is torn off, and the bump 36 of a golden ball is formed. 

[0004] As shown in drawing 8 (each explanation is omitted since the same sign is given to the same part as drawing 7 ), 
adsorption immobilization of the field in which the bump 36 was formed in the SAW chip 33 with which the bump 36 ' 
was formed is carried out in the condition of having turned down at the bonding tool 41 of a flip chip bonder (un- 
illustrating). On the other hand, on the work-piece stage 42 of a flip chip bonder, the ceramic substrate 44 which plated 
with gold on the front face of an electrode 43 carries out adsorption immobilization of the BE **** substrate sheet 45 
about the same as plurality, and heats at about 200 degrees C. Alignment is performed for the bump 36 and the 
electrode 43 of a ceramic substrate 44 with which the flip chip bonder was formed in the aluminum electrode 34 in the 
condition, the bonding tool 41 is driven in a perpendicular lower part, and the SAW chip 33 is pressurized by the 
bonding weight of 75 (gf/bump) at the substrate sheet 45. Supersonic vibration is impressed to coincidence for 800ms 
by output 3W, and the mutual electrode 34 and 43 are joined through a bump 36. 

[0005] As shown in drawing 9 after junction (each explanation is omitted since the same sign is given to the same part 
as drawing 7 ), each ceramic substrate 44 is closed with the metal cap 46. Then, the substrate sheet 45 was divided for 
each package of every, and each SAW device has been obtained. 

[0006] In addition, piezoelectric material is used for the substrate of the SAW device itself from on the property of the 
SAW device which deals with a surface acoustic wave, and the plate of electrostrictive ceramics, such as PZT, is used 
widely. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since an ingredient is a ceramic, precise processing is difficult for 
the substrate sheet which lays a SAW device as mentioned above, and a wave and curvature have generated it. 
Therefore, as a result of investigating a bump's deformation condition after completing the package of a SAW device, 
what the case where about 30 micrometers of bump height vary within the same package has produced existed. 
[0008] Thus, if that in which deformation of a bump exists is joined by flip chip bonding as it is, poor junction will be 
caused in many cases. 

[0009] In addition, although the wave and curvature of a substrate sheet may be able to solve them by joining 
separately after dividing a substrate, in that case, productivity falls sharply and they are not desirable as a production 
process. [ of productivity ] 

[0010] It aims at offering the SAW device which can stabilize a bump's deformation condition, and its manufacture 
approach, without reducing productivity by having made this invention paying attention to such a trouble, controlling 
the wave and curvature of a substrate sheet, and inhibiting the curvature of each substrate 
[0011] 

[Means for Solving the Problem] It is the electron device characterized by being an electron device equipped with a 



wrap cap, and the field of said substrate in which said wiring is prepared at least being constituted by silicon material in 
said semiconductor chip connected to the semiconductor chip which has an electrode according to the means by 
invention of claim 1, the substrate which has wiring prepared by the bump possible [ said electrode and connection of 
said semiconductor chip ], and said substrate. 

[0012] Moreover, it is the electron device characterized by being the multilayer-interconnection substrate with which 
according to the means by invention of claim 2 it is an electron device equipped with a wrap cap, and said substrate is 
constituted by silicon material in said semiconductor chip connected to the semiconductor chip which has an electrode, 
the substrate which has wiring prepared by the bump possible [ said electrode and connection of said semiconductor 
chip ], and said substrate. 

[0013] Moreover, according to the means by invention of claim 3, said cap is an electron device characterized by being 
formed by silicon material. 

[0014] Moreover, according to the means by invention of claim 4, said electrode formed in said substrate is an electron 
device characterized by being the alloy which used as the principal component those any [ aluminum, gold, or ] to be. 
[0015] Moreover, according to the means by invention of claim 5, said substrate is an electron device characterized by 
setting [ it sticks it and ] and forming the substrate which consists of silicon material. 

[0016] Moreover, the bump formation process which forms two or more bumps on the electrode of an electron device 
according to the means by invention of claim 6, The bonding process which carries out bonding of each electrode and 
said electron device of a substrate through two or more bumps formed with this bump formation process, It is the 
manufacture approach of the electron device characterized by having the separation process which cuts collectively the 
adhesion process which pastes up the cap for the closures on a substrate, and the substrate and cap which were pasted 
up according to this adhesion process after this bonding process, and is divided into each package. 
[0017] Moreover, it is the manufacture approach of the electron device characterized by to have the process which 
forms opening on said substrate, covers this opening with a conductive ingredient, forms the circuit by said wiring, and 
forms a substrate by etching about the workpiece which consists of a layer which consists of silicon material, and a 
layer in which wiring was formed according to the means by invention of claim 7. 

[0018] Moreover, according to the means by invention of claim 8, it is the manufacture approach of the electron device 
which carries out the description of having the production process of the cap which forms a crevice by etching silicon 
[0019] 

[Embodiment of the Invention] Hereafter, the structure and its manufacture approach of the SAW device which is an 
electron device are explained with reference to a drawing as a gestalt of operation of this invention. 
[0020] Drawing 1 is the cross-section side elevation showing the structure of the SAW device of this invention. The 
surface electrode 2 and the rear-face electrode 3 of aluminum are formed in the front face and rear face of a silicon 
substrate 1 which are a substrate sheet, respectively, and the mutual electrodes 2 and 3 have flowed electrically in the 
through hole 4. Moreover, on the surface electrode 2, the aluminum electrode 7 of the SAW chip 6 is joined through 
the bump 5 of a golden ball. The silicon caps 8 are the adhesives of an epoxy system, the outside of the SAW chip 6 
pastes a silicon substrate 1, the SAW chip 6 is closed and the SAW device is formed by carrying out packaging by that 
cause. 

[0021] The silicon material which forms the silicon substrate 1 is silicon or a silicon compound. About the silicon 
substrate 1 which consists of a silicon single crystal, it is easy to give flattening by mechanical removal processing by 
polish. Moreover, since the removal -processing approaches, such as dry etching, wet etching, RIE (Reaction Ion 
Etching), and electrolytic polishing, are established, it is easily possible to process it alternatively about the silicon 
substrate 1 in which wiring was prepared, and to perform flattening. Moreover, since the reinforcement of a silicon 
substrate 1 increases and it is also chemically stabilized by oxidizing the surface of the silicon substrate 1 by which 
flattening was carried out, and being referred to as Si02, in case bonding of the SAW chip is carried out to a silicon 
substrate 1, being oxidized is desirable [ the front face of a silicon substrate 1 ]. 

[0022] Next, the manufacture approach of the SAW device of the above-mentioned structure of this invention is 
explained. Since the SAW device has joined the SAW chip 6 through the bump 5 of a golden ball on the front face of 
the silicon substrate 1 which is a substrate sheet, 2, the silicon substrate 1 formed three times, and the SAW chip 6 in 
which the bump 5 was formed on the aluminum electrode 7 are separately manufactured by a front face and the rear 
face in an electrode, respectively before junction. 

[0023] Drawing 2 (a) - (e) is the explanatory view showing the production process of the silicon substrate 1 which is a 
substrate sheet. First, the silicon substrates la and lb of two sheets are prepared, as shown in drawing 2 (a), with 
membrane formation equipment (un-illustrating), a mask is performed on the front face of silicon substrate la, to one 
silicon substrate la, aluminum is formed alternatively, and a surface electrode 2 is formed only in a predetermined part 
at it. Moreover, a step 9 is alternatively formed in silicon substrate lb by etching, aluminum is embedded with plating 
etc. at the formed step 9, and the rear-face electrode 3 is formed in silicon substrate lb of another side. Furthermore, 
this silicon substrate lb grinds the field in which the rear-face electrode 3 was formed, and makes a flat-tapped flat side 



to the field of silicon, and the field of the rear-face electrode 3. 

[0024] Then, as shown in drawing 2 (b), the top-face side (side in which the rear-face electrode 3 was formed) of 
silicon substrate lb of another side is stuck with desirable dampproof high adhesives, for example, an epoxy adhesive, 
the inferior-surface-of-tongue side (side in which the surface electrode 2 is not formed) of one silicon substrate la. In 
that case, each field of both silicon substrates la and lb is a flat side, and also after being joined and unifying, the 
flatness of the surface of a silicon substrate 1 is maintained. 

[0025] In addition, if the front face of a substrate consists of silicon material at least and the whole silicon substrate 1 is 
constituted from silicon material by the known process although flattening is possible, a silicon substrate 1 will become 
desirable when suppressing dispersion in the coefficient of thermal expansion of the thickness direction of a silicon 
substrate 1. 

[0026] Therefore, it will be formed in the front face and the interior of a silicon substrate 1 by the surface electrode 2 
and the rear-face electrode 3 in this condition. In addition, a surface electrode 2 and the rear-face electrode 3 are the 
directions of board thickness of a silicon substrate 1, and it is formed in the location with which it laps partially. 
[0027] Next, as shown in drawing 2 (c), the hole which opens the surface electrode 2 and the rear-face electrode 3 of a 
silicon substrate 1 for free passage is processed from [ of a silicon substrate 1 ] a front face (on a surface electrode 2). 
This processing means of hole 4a can use for arbitration the means of either dry etching, such as wet etching with the 
solution of K0H or NaOH which is a well-known means, and plasma etching/RIE, an X-ray or laser, and can perform it. 
In addition, although the depth of hole 4a to process needs to reach the rear-face electrode 3 inside a silicon substrate 1 
at least, it may be deeper than it. In that case, processed hole 4a may penetrate to the rear face of a silicon substrate 1. 
[0028] Next, as shown in drawing 2 (d), plating processing by the conductive ingredient is performed to the wall of 
hole 4a which penetrated the surface electrode 2 and the rear-face electrode 3, and the through hole 4 which has 
conductive covering is formed. A surface electrode 2 and the rear-face electrode 3 are electrically connected by this 
through hole 4. 

[0029] next - as shown in drawing 2 (e), until the rear-face electrode 3 is exposed to predetermined height from the 
rear-face side of a silicon substrate 1 - machining, etching, etc. - giving - a silicon substrate -- 1 - it grinds thinly and 
the rear-face electrode 3 is formed in the rear face of a silicon substrate 1. 

[0030] In addition, in case how to call the surface electrode in a silicon substrate and a rear-face electrode actually uses 
it, although it changes by whether which field of a silicon substrate is used for the bottom, the side used for the bottom 
for convenience as mentioned above was used as the surface electrode and the bottom was used as the rear-face 
electrode, when using **** and an opposite side, in an above-mentioned case, a surface electrode and a rear-face 
electrode become reverse. Therefore, a surface electrode is made exposed on the surface of a silicon substrate by polish 
etc. in that case. 

[003 1] Next, with reference to drawing 3 , formation of the bump 5 to the aluminum electrode 7 of the SAW chip 6 is 
explained. A bump's 5 formation is performed using a wire bonder (un-illustrating). That is, as a bonding wire 10, a 
diameter phi25micrometer gold streak is supplied on the aluminum electrode 7 of the SAW chip 6 from a capillary 11, 
and the diameter phi70micrometer golden ball 12 is formed. After joining this golden ball 12 by ultrasonic concomitant 
use thermocompression bonding on the aluminum electrode 7 of the SAW chip 6 using a capillary 1 1, a capillary 1 1 is 
raised, a bonding wire 10 is torn off, and the bump 5 of the golden ball 12 with a diameter of 85 micrometers is formed. 

[0032] Next, junction to the SAW chip 6 with which the bump 5 formed of **** was formed, and the silicon substrate 
1 in which electrodes 2 and 3 were formed is explained. Drawing 4 is the side-face sectional view showing junction to a 
SAW chip and the silicon substrate in which the electrode was formed. This junction is performed using a flip chip 
bonder (un-illustrating). 

[0033] First, adsorption immobilization of the field in which the bump 5 was formed in the SAW chip 6 is carried out 
in the condition of having turned down at the bonding tool 13 of a flip chip bonder. Moreover, on the work-piece stage 
14 of a flip chip bonder, adsorption immobilization is carried out and the rear face of a silicon substrate 1 is heated by 
200 degrees C. Each location of the surface electrode 2 formed in the front face of a silicon substrate 1 with the bump 5 
formed in the aluminum electrode 7 of the SAW chip 6 in this condition using the location detection camera which is 
not illustrated is detected, the work-piece stage 14 is moved based on that result, and mutual alignment is performed. 
[0034] Then, the bonding tool 13 which is adsorbing the SAW chip 6 is dropped in a perpendicular lower part, and the 
SAW chip 6 is pressurized by the bonding weight of 60 (gf / bump 5) at a silicon substrate 1 . Supersonic vibration is 
impressed to coincidence about 300ms by output 1 W with an ultrasonic vibrator (un-illustrating), and a bump 5 and the 
surface electrode 2 of a silicon substrate 1 are joined. 

[0035] Then, as shown in drawing 5 (each explanation is omitted since the same sign is given to the same part as 
drawing 4 ), it is the adhesives of an epoxy system, the silicon cap 8 is pasted up on a silicon substrate 1 from the SAW 
chip 6 side, packaging is performed, and a SAW device group is formed. In addition, the silicon cap 8 is beforehand 
produced by dry etching, such as wet etching with the solution of K0H or NaOH, plasma etching, and RJE, etc. 



[0036] When the silicon cap 8 makes the ingredient of a cap silicon material, formation of the concave configuration 
using a known etching art becomes easy, and formation of a wrap cavity becomes easy about the SAW chip 6. 
Moreover, since distortion resulting from the difference of a coefficient of thermal expansion is also lost according to 
an ingredient being the same as a silicon substrate 1, the environment-resistant ability of a package improves much 
more. 

[0037] Then, as shown in drawing 6 (each explanation is omitted since the same sign is given to the same part as 
drawing 4 ), each SAW device is divided according to an individual by carrying out the dicing of the SAW device 
group to which the silicon cap 8 pasted and packaging was carried out with the dicing blade 15 for every SAW device. 
[0038] In addition, about the SAW device package completed by the above-mentioned approach, as a result of 
investigating a bump's deformation condition, by this invention, the silicon substrate was used, and since the silicon 
substrate was flat, it has checked that dispersion in bump height was 5 micrometers or less within each SAW device 
package. 

[0039] In addition, although the aluminum electrode was used for the electrode formed in the silicon substrate with the 
gestalt of above-mentioned operation, an electrode material may use gold or the alloy which made them the principal 
component besides aluminum. 

[0040] As stated above, in this invention, it enabled the junction condition by little good connection of dispersion in a 
bump to manufacture a thin SAW device with the sufficient yield in ****** by forming a bump on the electrode of an 
electron device, carrying out flip chip bonding of this to the electrode of a substrate, and using a silicon substrate with 
high display flatness for a substrate with the SAW device manufactured by closing with a cap etc. 
[0041] Moreover, according to the manufacture approach of the SAW device of this invention, a bump is formed on the 
electrode of a SAW device, flip chip bonding of this is carried out to the silicon substrate sheet with which two or more 
silicon substrates gathered, the KYAPU sheet with which two or more closure caps gathered is put in block, and a 
silicon substrate sheet is pasted. Since this silicon substrate sheet and cap sheet that were pasted up are cut for every 
processing part and each package is manufactured, productivity is very high. 

[0042] Moreover, although the gestalt of above-mentioned operation explained the SAW device, it is also possible for 

it not to be limited to this but to offer other quality electron devices. 

[0043] 

[Effect of the Invention] According to this invention, a bump configuration can be formed in homogeneity for 
production of a SAW device, and productivity can be raised by stabilizing junction by the bump. 



[Translation done.] 



